Risk analysis on passenger ships in Huangpu River of Shanghai by Sun, Peng
World Maritime University 
The Maritime Commons: Digital Repository of the World Maritime 
University 
Maritime Safety & Environment Management 
Dissertations Maritime Safety & Environment Management 
8-25-2013 
Risk analysis on passenger ships in Huangpu River of Shanghai 
Peng Sun 
Follow this and additional works at: https://commons.wmu.se/msem_dissertations 
 Part of the Risk Analysis Commons 
This Dissertation is brought to you courtesy of Maritime Commons. Open Access items may be downloaded for 
non-commercial, fair use academic purposes. No items may be hosted on another server or web site without 

























A research paper submitted to the World Maritime University in partial fulfillment of 
the requirements for the award of the degree of 
 
MASTER OF SCIENCE 
 







© Copyright Sun PENG, 2013
 





This humble piece of my work 
dedicated to 
my dear parents,  
anybody who helped me, 
and the past bittersweet life, 
when I made arduous efforts to achieve the goals on my way one after another, 
which was, and will always be, 




















I certify that all the materials in this research paper that are not my own work have 
been identified, and that no materials are included for which a degree has previously 
been conferred on me.  
 
The contents of this research paper reflect my own personal views, and are not 




(Signature):      Sun Peng 
 
(Date):          July 1st, 2013 
 
 
Supervised by:   Dr. Zheng Zhongyi 













I would like to express my ultimate appreciation to the World Maritime University and 
Dalian Maritime University, for providing the education and study platform of the 
MSEM programme.    
 
Indeed, my sincere gratitude is directed to the Shanghai MSA and Dongjiadu Marine 
Department, especially the Department Head Mr. Xie Kaiyun who gave me this 
opportunity to study MSEM programme and expand the horizons of maritime 
knowledge at DMU for a period of eighteen months; otherwise, my life would not arrive 
at this stage. 
 
Also, it shall not be forgotten to mention many thanks to my class mates and friends, 
especially Mr. Geng Jianhua, Mr. Zhu Xiaoping, Mr. Zhang Xiaodong, Mr. Cai 
Runzi, and Mis. You Jie, who offered me the spiritual encouragement, kind support and 
timely help. 
 
My extraordinary thanks must be given to my dissertation supervisor, Dr. Zheng 
Zhongyi, who pointed me to the right direction and gave me critical advice.  
Needless to say, my thanks shall also be conveyed to all the hard-working professors 
who taught me. 
 
At last, I would like to extend my thanks to the good work of Mr. Ma Shuo. His 
personal charm and rich knowledge inspired my motivation for learning. Mr. Ma is 





Title: Risk Analysis on Passenger Ships in Huangpu River of Shanghai 
 
 
Degree:                           MSc  
 
The waterway passenger transport concerns the convenience of the citizen travel and 
the safety of life, and has always been the most important matter of the maritime 
administration. The waterway passenger traffic accident not only threatens human 
life and the safety of property, but also causes social panic, and becomes the focus of 
the media. In recent years, there has been a vigorous development of waterway 
passenger transport in Shanghai. In addition, the volume of waterway passengers is 
very big. As accidents involving waterway passengers will cause serious 
consequences, the waterway passenger transport is listed as one of the major hazards 
in Shanghai Maritime Administration. 
 
Huangpu River of Shanghai is the mainly concentrated waters of waterway passenger 
transport. In order to carry out risk assessment, the research scope of this thesis is 
limited to the Huangpu River waters. 
 
Based on the actual circumstances of the waterway passenger transport in Shanghai 
Huangpu River, relevant information and data, and advice for exports, the author 
uses the theory of Formal Safety Assessment to establish the safety assessment 
model of waterway passenger transport in Shanghai Huangpu River; uses the 
 
 v 
methods of event tree to establish the risk model, does the risk calculations, and at 
last puts forward the individual risk level. 
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Chapter 1 Introduction 
1.1 Brief introduction to Shanghai waterway passenger transport and Hua
ngpu River 
1.1.1 Brief introduction to Shanghai waterway passenger transport 
Shanghai is located in the T type junction of waterway passenger transport waters in 
Yangtze river delta, is the passenger transfer hub of China and the exchange waters 
of river and sea. In recent years, with the rapid social and economic development, 
Shanghai waterway passenger transport has shown a trend of steady development. 
According to the statistics of Shanghai MSA, by the end of 2012, there are 26 
waterway passenger transport enterprises of various kinds, including two 
international passenger and cargo liner companies, 9 tourist ship companies, 10 yacht 
clubs and yacht companies, 3 ferry companies, and 2 provincial passenger transport 
companies, the total number of all kinds of passenger ships is 158, the total gross 
tonnage (GT) is 96752, and the total seats are 61352, including 2 international 
passenger and cargo liner ships, 2 provincial passenger ships, 33 tourist ships, 35 
yachts, 20 high-speed passenger ships, 12 car passenger ferries, and 54 ferries. There 
are 3 cruise companies taking Shanghai as the home port, operating 4 cruise ships. 
1.1.2 Brief introduction to Huangpu River 
Huangpu River is the longest river in Shanghai. It is 300~700 meters wide 
(Baidupedia, 2013) and average 9 meters deep (Wikipedia, 2013). Huangpu River is 
a tidal river, with irregular semidiurnal tides, two tides in one day. The average tidal 
range is 2m to 2.5m. Due to the restriction of the river terrain, its rise and fall shows 
reciprocating flow. More details will be shown in chapter two. 
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1.2 Research purposes 
Based on the data of passenger ship accidents in Huangpu River, This thesis uses the 
theory of formal safety assessment to analyze and evaluate the recently safety 
situation of waterway passenger transport in Huangpu River and get the individual 
risk levels of four kinds of passenger ships in Huangpu River. The purpose is to 
enhance the safety level of waterway passenger transport in Huangpu River and 
provide some references to government and relative departments for making risk 
control options.  
1.3 Research scope and the reasons 
1.3.1 Research scope 
In this thesis, the research scope is limited to the passenger ships in Huangpu River, 
shanghai. The passenger ships include tourist ships, yachts, cruise, and ferries. 
1.3.2 Reasons 
1) The reasons why the research scope is limited to Huangpu River are as follows: 
 
Firstly, the navigation environment of Huangpu River is special, in terms of vessel 
density, tidal, and hydrometeorological conditions. It is very different from other 
waters of Shanghai port. Making the research scope limited to Huangpu River will be 
more conducive to identify hazards, risk assessment and put forward reasonable 
suggestions. 
 
Secondly, the Huangpu River is the main waters of waterway passenger transport in 
Shanghai. Most of the waterway passengers of Shanghai travel on the river. At the 
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same time, it is also the waters where most of passenger ship accidents happened. 
According to the data from Shanghai MSA, form 2008 to 2012, about 70% of the 
passenger ship accidents happened on Huangpu River. So it is more important to 
make research on the Huangpu River. 
 
2) The reasons why the research scope includes all kinds of passenger ships are as 
follows: 
 
Firstly, the navigation environment of all kinds of passenger ships on Huangpu River 
is the same. There is no difference among all kinds of passenger ships in terms of the 
hazard of navigation environment. So, it is feasible to put all kinds of passenger ships 
into one risk assessment model. 
 
Secondly, from the view of the effectiveness of data samples, if only one type of 
passenger ship is evaluated, such as the tourist ship, fewer than 20 accidents 
happened from 2008 to 2012, which is far smaller than the requirements of the large 
sample analysis. So it is impossible to make safety assessment on one type of 
passenger ship alone. 
 
3) The reasons why the data sources of passenger ship accidents should be limited 
from 2008 to 2012 are as follows: 
 
Firstly, due to data saving and the credibility of data, the accident data of passenger 
ships can only be traced back to 2008. The data before 2008 is not integral. 
 
Secondly, due to the development of the banks of Huangpu River and the trend of 
large scale ship, the number of vessels on Huangpu River has the trend of decreasing 
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year by year since 2003. Other aspects of the navigation environment are changing. 
So, the time period of research should not be too long. 
 
Thirdly, as the frequency of passenger ship accidents was not high, if only 2 or 3 
years of accident data are chosen, the number of accident is too small, which will not 
meet the requirement of large sample. 
1.4 Introduction to Formal Safety Assessment 
1.4.1 History of FSA 
In 1993, the concept of FSA which British marine and coast guard authority 
proposed to International Maritime Organization (IMO) was accepted on the 62nd 
session of maritime safety committee (MSC). In 1997, the temporary application 
guidelines of FSA were adopted by MSC 68. In 2001, the formal guideline of FSA 
was adopted by MSC74. In 2007, the consolidated text of the guidelines for FSA for 
use in the IMO rule-making process was adopted by MSC 83. 
1.4.2 The process of FSA 
As a systematic method, FSA has five steps as follows: 
1. Identification of hazards;  
2. Assessment of risks;  
3. Risk control options;  
4. Cost benefit assessment; and  
5. Recommendations for decision-making. (IMO, 2007)  




Figure 1 - Flow chart of the FSA methodology 
Source: IMO. (2007). Consolidated text of the guidelines for Formal Safety Assessment (FSA) for use 
in the IMO rule-making process. MSC83/INF.2 
 
As shown in figure 1, there are several ways to choose according to the real situation 
and need, for example:  
521 stepstepstep  ,  
54321 stepstepstepstepstep   , 
5321 stepstepstepstep  ,  
534321 stepstepstepstepstepstep  , 
5321321 stepstepstepstepstepstepstep  , etc. 
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When considering the cost benefit assessment, there may appear more loop process 
(Qin, Chen, Hao, Jiang, & LI, 2005). 
1.5 The domestic and foreign related research 
1.5.1 The related research on FSA 
In 1993, Britain proposed the concept of FSA at the MSC 62. IMO supported the 
proposal, and then Britain began to do preliminary study on this aspect. 
 
In 1995, Britain began the research on the high speed catamaran passenger ships. The 
goal of this study is mainly on the security of the crew and passengers. Italy and 
Norway carried out the FSA study on international Ro/Ro passenger ships and the 
helicopter platform which was set on international passenger ships whose length was 
130 or above. These two cases are the earliest application of FSA. 
 
To carry out the study on the FSA, the International Association of Classification 
Society (IACS) set up the FSA communication team in 1994. 
 
In 1994, after the Ro/Ro passenger ship Estonia sank, British and the Nordic 
countries carried out FSA study on the Ro/Ro passenger ships. Britain, United States 
and Sweden also carried out the FSA research of shipping management.  
 
China Classification Society (CCS) published the application guidelines of FSA in 
November 1999, and carried out the risk assessment on the high speed ships in 





In 2008, Denmark submitted two reports of FSA to MSC 85. One report provided a 
high level FSA application on cruise ships (IMO, 2008a). Another report provided 
further details on the application of FSA on RoPax ships (IMO, 2008b). 
 
Fan has analyzed the development and questions of FSA (Fan, 2004), solved some 
uncertain questions, for example, the use of export judgments and analysis on the 
human reliability. 
 
Qin et al. introduced the method of FSA, indicated that “when putting FSA into 
practice, it is necessary to effectively integrate appropriate qualitative and 
quantitative method” (Qin et al., 2005). 
 
Zhao has illustrated the application of FSA on the port waters, and introduced several 
methods to evaluate the risk of port waters, for example the fault tree, event tree, 
fuzz theory (Zhao, 2010). 
1.5.2 The related research on waterway passenger transport 
Chao has done some research on the navigation safety assessment of the Huangpu 
River using the FSA frame and fuzz theory. In this paper, Chao has analyzed the 
navigation environment and vessel density of Huangpu River (Chao, 2002). 
 
Chen & Shen studied on the safety of yachts on Huangpu River. In this paper, Chen 
& Shen analyzed the situation and the development of yachts on Huangpu River, 
proposed some recommendations on maritime safety to supervise the yachts (Chen & 




Sang & Sun did some research on the safety evaluation on waterway passenger 
transport on Huangpu River. In this paper, the author identified the risk of Huangpu 
River with the method of risk matrix and Delphi technique, established the risk 
assessment model with fuzzy theory to quantitatively analyze the safety of waterway 
passenger transport in Huangpu River (Sang & Sun, 2010). 
 
In 2008, Shanghai Dongjiadu MSA and Shanghai Maritime University did the 
research on the safety of tourist ships in Shanghai port. In 2010, Shanghai Dongjiadu 
MSA did the research on the maritime supervision and service of cruise ships in 
Shanghai port. In 2011, Shanghai MSA did the research on the safety of yacht in 
Shanghai port. In 2012, Shanghai Yangshan MSA and Dongjiadu MSA studied on the 
waterway passenger ships in Shanghai port. The previous research provides some 






Chapter 2 Background 
2.1 Introduction to Huangpu River 
2.1.1 Tidal condition 
In general, on the first and fifteenth of the lunar month, the Huangpu River of 
Shanghai has the greatest tide, with the 3rd and 18th of lunar calendar for the 
maximum tide, and 9th, 10th, and 25th, 26th of lunar calendar for the minimum tide 
(Shanghai MSA, 2006). The big tide is the high tide that rises higher and the low tide 
ends up lower, namely the tidal range between the high tide and low tide is large, and 
the tidal range of the small tide is small. 
 
Shanghai has the irregular semidiurnal shallow sea tide. There are two high tides and 
low tides every 24h 50min, and high tide inequality phenomenon is significant. The 
time of high tide and low tide will delay 48 minutes before the last day. The tide at 
night will be greater than the tide by day after spring equinox, and after the autumnal 
equinox the tide by day is greater. 
2.1.2 Dock condition 
According to the statistics of Shanghai MSA, Huangpu River, there are a total of 332 
docks, which include 41 docks used for waterway passenger transport, accounting for 
12.35% of all the docks. In these docks, yachts in Huangpu River mainly moor on 
the terminal between Yangpu Bridge and Nanpu Bridge. There is mainly Daduhui 
yacht quay, the bund yacht dock, Santai dock (Yating yacht club), YiHong yachts 
dock as the yachts’ berth. The docks of tourist ships are mainly Shiliupu dock and 
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DaDa dock. The international cruise ship docks in Huangpu River are international 
passenger center dock with 5 berths. The ferry terminals in Huangpu River spread 
east from Wu song port, and west to the Mishidu ferry station, along 81 kilometers 
with a 34 ferry stations and 18 ferry routes. 
2.1.3 Channel 
Shanghai government implements the traffic separation scheme in Huangpu River, 
with the center of the main channel of Huangpu River as the dividing line, dividing 
the main channel into entrance and exit channel. The waters on both sides of the 
main channel is the auxiliary channel. The auxiliary channel also consists of entrance 
channel and exit channel. The channel between ferry Wu Qiao line and the waters at 
the upstream 120m of Wu Jing second power plant pier, with the 5m isobaths at both 
sides of the boundary line is a special channel; the centerline will divide it into 
entrance channel and exit channel. There are two warning areas, namely Wu Song 
warning area and Yunzaobang warning area. 
 
There are six major bends in Huangpu River, namely Wu Song mouth bend, 
Zhanghuabang bend, Gaoqiao bend, Lu Jiazu bend, Dongjiadu bend and Manlizui 
bend. These bends belong to several channels and are difficult for navigation. Due to 
the fast flow of water, narrow channel, obscure construction and more shallow areas, 
the water traffic accidents often occur in this waters. More detailed information about 
the Huangpu River can refer to appendix 1- the map of Huangpu River for Maritime 
Administration management which has shown the six major bends and main channel. 
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2.2 Safety Regulations and Maritime Administration 
2.2.1 Safety regulations 
All the ships in Huangpu River must obey the “Regulations of navigation safety 
management of Huangpu River in Shanghai (2005)” (hereinafter referred to as local 
navigation regulations) as the most important local navigation rules, besides other 
domestic laws and regulations. Some of the important local navigation regulations 
are particularly relevant to passenger ships and are briefly outlined in the following: 
 
1) Navigation 
The local navigation regulations demand that the speeds of all the ships shall not be 
higher than 8 knots in Huangpu River, which means the speeds of all the ships 
especially the yachts are limited. These rules restrict the development of yachts. 
 
According to the local navigation regulations, ships are banned from navigating in 
Huangpu River when the visibility is less than 100m. This rule protects the safety of 
passenger ships in the poor visibility. 
 
The ship’ total length shall not be more than 275m, if the ship wants to pass through 
the segment of river between the Yangpu bridge and Suzhou River. Due to the cruise 
dock located in this segment, if the total length of cruise ship is more than 275m, she 
must choose another dock outside the Huangpu River, for example, Wusong 
Paotaiwan cruise dock. 
 
2) The principle of avoidance 
According to the local navigation regulations, ferries which are crossing the 
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Huangpu River and the ships which are berthing and departing should give way to 
the ships which are sailing along the channel. These rules put more responsibility to 
ferries and tourist ships which need to cross the river and berth frequently. 
2.2.2 The maritime administration 
Four maritime administration departments are responsible for the safety of ships’ 
navigation and pollution prevention. They are Wujing MSA, which is responsible for 
the waters between upstream boundary of Minhang power plant and Manlizui bent; 
Dongjiadu MSA, which is responsible for the waters between Manlizui bent and 
Qichangzhan ferry dock; Lanzhoulu MSA, which is responsible for the waters 
between Qichangzhan ferry dock and Caolin ferry line; and Wusong MSA, which is 
responsible for the waters between Caolin ferry line and 101 light buoy. The detailed 
information about Dongjiadu MSA waters is shown in appendix 1 - the map of 
Dongjiadu MSA waters in Huangpu River. 
2.3 The navigation conditions in Huangpu River 
2.3.1 The ship flow in Huangpu River 
In 2010, the four Maritime administration departments in Huangpu River carried out 
the statistical work of vessel traffic flow. Four measuring lines were chosen, namely 
Yunzaobang waters in Wusong MSA, Lanzhoulu waters in Lanzhoulu MSA, 
Longhua waters in Dongjiadu MSA, and Manlizui waters in Wujing MSA. The dates 
of measure were August 25 (lunar July 25), August 31 (lunar August 1) and 
September 15 (lunar August 16). The time of measurement was form 0900 to 0900 of 





Figure 2 - The amount of vessel flow crossing the measuring lines 
Source: Shanghai MSA. (2010). Analysis on the vessel flow in Huangpu River. Unpublished 
government’s report, Shanghai MSA, Shanghai, China. 
 
As shown in figure 2, the amount of vessel flow in Wusong and Wujing areas is 
higher than Lanzhoulu and Dongjiadu areas, but the amount of vessel flow in 
Lanzhoulu and Dongjiadu areas is still nearly 1000 per day, which is still a very high 
number. 
2.3.2 Navigation regularity of ships in Huangpu River 
Due to the small power and slow speed, the small ships generally need to sail with 
tides; choose falling tide period to depart from port, and rising tide period to entry 
port. Due to deep draft and difficult maneuvering, the large vessels usually choose 
slack tide period for sailing to avoid the small ships, or choose slack tide or falling 
tide period for berthing to avoid turning round and directly berth. 
 
 14 
2.4 The passenger ships in Huangpu River 
2.4.1 Ferries 
Ferry of Shanghai, after a series of reforms and changes is currently the largest city 
ferry traffic enterprise in China. It has 54 ships included 22 new ferries built for Expo 
2010, which can provide nearly 42000 seats. The details of ferries in Huangpu River 
are shown in appendix 2. 
 
Table 1 - The passenger volume of ferry in 2011 
Area The name of ferry lines Passenger volume 
(thousands) 
Song San line Wusong 
Cao Lin line 
5000 
Dong Nen line 2320 
Jin Ding line 8400 
Xie Ning line 2100 
Min Dan line 4650 
Qi Qin line 6650 
Lanzhoulu 
Tai Gong line 1020 
Dong Jin line 11000 
Dong Fu line 4850 
Yang Fu line 7380 
Tang Dong line 1220 
Dongjiadu  
Nan Lu line 4200 
Wu Ma line 966 Wujing 
Xi Min line 2800 
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Du Wu line 783 
Chen Che line 1125 
San Gang line 4935 
Total 69399 
Source: Shanghai MSA. (2012). Study on the hazard of passenger ships in Shanghai. Unpublished 
government’s report, Shanghai MSA, Shanghai, China. 
 
As shown in table 1, the passenger volume of ferry in Huangpu River is still very big, 
especially the ferries of Dongjiadu area and Lanzhoulu area. About 53790 thousand 
persons take ferries per year.   
 
There are 34 ferry stations in Huangpu River of Shanghai, and the voyage 
arrangement of each ferry station is not the same. Usually, the stations will arrange 
the voyage according to the traffic and daily passenger volume. Part of the ferry 
stations have a voyage every 10 minutes at peak times. 
2.4.2 Yachts 
There are more than 30 yachts mooring on the berths between the Nan Pu bridge and 
Yang Pu bridge. These yachts belong to dozens of yacht clubs distributed in Huangpu 
River. All the detailed information about the clubs and the passenger capacity of 
yachts is shown in appendix 3. 
 
The bund waters is the major area of yacht activities. After the Shanghai World Expo, 
due to the new building landscape on both side of Huangpu River, the yacht activities 
waters get further expansion. The waters between Yangpu Bridge and Lupu Bridge 
namely the waters of bund and expo will be gradually developed to be the mature 
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sightseeing waters. Considering that the ship traffic in Huangpu River is very big, 
Huangpu River is not the specialized sightseeing waters, and the objective navigation 
environment is poor, and bends and bridges are dense, there are more potential 
hazards when people are sightseeing by yacht. 
2.4.3 Tourist ships 
At present, there are 9 enterprises specially operating the tourist ships in Huangpu 
River, which has a total of 33 tourist ships, more than 9000 seats. The detailed 
information about the tourist ships has been shown in appendix 4 - the list of tourist 
ships in Huangpu River. Most of these tourist ships are built after 2000, with around 
200-600 seats per ship, and double-engine is the main type. Especially due to the 
Shanghai World Expo, a batch of new tourist ships were put into operation, which 
had greatly improved the quality and grade of tourist ships. 
 
Sightseeing by tourist ships in Huangpu River has been a popular tourism project. 
The passenger capacity of tourist ships stay above 2 million in the last three years, as 
shown in figure 3. Especially in 2010, due to the Shanghai World Expo, the 













游览船客运量 2866726 5881249 2164631
2009年 2010年 2011年
 
Figure 3 - The passenger volume of tourist ships in Shanghai 
Source: Shanghai MSA. (2012). Study on the hazard of passenger ships in Shanghai. Unpublished 
government’s report, Shanghai MSA, Shanghai, China. 
 
The operation of tourist ships obviously has seasonal and holiday effect. The period 
between April and November every year is the tourism peak season. The number of 
visiting in tourist ships will be high on holiday or weekend. The operation of tourist 
ships obviously also has timeliness, generally, the time from 18:30 to 22:30 every 
day is the rush hour of tourist ships, and in this period of time, regardless of the 
navigation environment, the sightseeing companies will arrange a number of tourist 
ships, which causes the potential risk to the safety of tourism. 
 
The Shi Liupu dock is the waterway tourist distribution center; most of berthing of 
the tourist ships will take place on the Shiliupu dock. The length and scale of the 
dock will become one of the important factors which make the berthing and 
departing to be crowded and unsafe. 
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2.4.4 Cruise ships 
With the construction of Shanghai shipping center, Shanghai cruise economy 
presents the momentum of rapid development, and the national and local policies all 
support the development of the cruise economy. The preferential environment of 
Shanghai cruise is better and better. However, according to the local navigation 
regulations, all the ships, whose total length is more than 275 meters or the greatest 
height above the surface is more than 52 meters, will not be allowed to pass the 
Yangpu Bridge and to berth in the international passengers transportation center. 
Therefore, very large cruise ships whose total length is more than 275 meters have to 
choose the berth outside the Yangpu Bridge, such as the Paotaiwan international 
cruise dock. 
2.5 Passenger ship fleet 
2.5.1 Ferry fleet 
From appendix 2, it is obvious that there are 54 ferries in Huangpu River. Although 
there were some new ferries operating in 2009 and 2010, considering that the ferry 
lines were not changed in these period, these new ferries just replaced some old 
ferries to make sure of the passengers safety. As the number of ferries did not change 
too much from 2008 to 2012, the author will use the number of ferries in 2012 to be 
the average number of ferries between 2008 and 2012. So the number of ferries is 54 
per year, and the total fleet from 2008 to 2012 is 270. 
2.5.2 Yacht fleet 










Source: Shanghai MSA & Dongjiadu MSA 
 
Table 2 shows the yacht fleet in Huangpu River from 2008 to 2012, and it should be 
point out that the owners of yachts may change the dock of yacht or choose another 
yacht club, so even in the same year, the number of yachts in Huangpu River may be 
changed. The data above is from the related research reports of Shanghai MSA, 
except that the data in 2010 is from the statistics of Dongjiadu MSA. 
2.5.3 Tourist ship fleet 












Table 3 shows the tourist ship fleet in Huangpu River from 2008 to 2012. It should 
be point out that all the data above is from the relative research reports of Shanghai 
MSA, except that the data in 2011 is from the statistics of Dongjiadu MSA. 
2.5.4 Cruise fleet 
According to the statistics of Shanghai MSA, as shown in figure 4, the visiting cruise 
ships of Shanghai had a rapid increment. At the same time, as shown in figure 4, the 
cruise passenger volume increased rapidly from 2004. In 2004, there were only 10 
cruise ships, with 30, 000 persons visiting Shanghai by cruise ships, but in 2012 




Figure 4 - The visiting cruise ships of Shanghai 
Source: Shanghai MSA. (2012). Study on the hazard of passenger ships in Shanghai. Unpublished 





Figure 5 - The passenger volume of cruise ships in Shanghai 
Source: Shanghai MSA. (2012). Study on the hazard of passenger ships in Shanghai. Unpublished 
government’s report, Shanghai MSA, Shanghai, China. 
 
According to figure 4 and figure 5, as we need to calculate the number of cruise ships 
in Huangpu River, here the author takes the number of visiting cruise ships in 
Huangpu River as the number of cruise ships. We can get the following data in table 
2. In figure 5, the passenger volume is calculated by adding the passenger number 
arriving at Shanghai port and departing from Shanghai port in one voyage. So the 
real passenger volume on board shall be half of the average passenger volume. 
 






volume (per voyage) 
The real passenger 
volume 
2008 112 169000 1509  755  
2009 80 183000 2288  1144  
2010 100 341800 3418  1709  
2011 130 330000 2538  1269  
2012 97 300000 3093  1547  
Total 519 1323800 2551  1276  
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Chapter 3 Accident data analysis 
3.1 Data source analysis 
All of the accident data are collected from four subordinate departments of Shanghai 
MSA. In Shanghai MSA, generally, the maritime casualty investigation is conducted 
by the supervision department or navigation department. One or several special 
persons from this department are responsible for the maritime investigation records, 
evidence collection and accident investigation. The author mainly collected data 
about passenger ship accidents from the maritime investigator. 
 
As for the accidents and dangerous incidents of ferries, the author collected another 
data from Shanghai Ferry Company, and compared with date from Shanghai MSA, 
all the important data are basically same. Only one accident is different. The accident 
was never recorded by the Shanghai MSA, and the author believes that when the 
accident happened, the crew of ferry never reported to Shanghai MSA, so this 
accident was missed by Shanghai MSA. Based on the comparison of data between 
the company and the Shanghai MSA, all the data from Shanghai MSA are true and 
reliable, except that only a small number of dangerous incidents was missed. 
3.2 Definition 
All the following definitions come from “Guideline for Water Traffic Accident 
Investigation” (China MSA, 2001). 
Collision: the incident that ship contacts ship and cause damage, regardless of 
whether the ships are under way, anchored or moored. The ships include ships, rafts 




Contact: the incident that ships strike or are struck by quay wall, dock, beacons, 
piers, drilling platforms and other fixed object or sunken ships, sunken object, timber, 
fish barrier and so on. 
 
Swell damage: the incident that ships’ waves impact other ships, rafts, facilities and 
cause damage. 
 
Grounding: the incident that the ships ground in shallow water, which causes 
suspension or damage. 
 
Fire/Explosion: the incident which causes fire and damage on ships because of 
natural or man-made factors. This category does not include the fire accident in the 
shipyard. 
 
Machinery Damage/Failure: Machine or equipment damage or failure which will 
not lead to other kinds of incidents. 
3.3 Accident frequency analysis 
The passenger ships accident database includes 65 incidents for the period 2008 
-2012. All these incidents belong to one of the following categories, collision, contact, 
swell damage, grounding, and machinery damage/failure. So in this thesis, the author 
will limit the analysis to these categories.  
 
No fatal incidents happened during the period 2008-2012, so the author will not 
calculate the loss of life in fatal incidents to analyze the risk level. The author will 
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quantitatively assess the risk of passenger ship by the risk model in chapter 5. 
 
Tables 5, 6, 7 and 8 show the analysis of ferry, yacht, tourist ship, cruise incidents 
respectively. Table 9 analyzes the incidents of total passenger ships from 2008 to 
2012. The data is also presented graphically on figures 6, 7, 8, 9 and 10, which 
include the frequency of five kinds of incidents. 
 
According to the following tables and figures, it is obvious that the highest frequency 
incidents are collision, accounting for about 75.4% of total incidents. The second 
highest is machinery damage/failure, about 13.8% of total incidents. The frequencies 
of other incidents are very low. 
 
Table 10 and figure 11 have shown that the ferries’ incidents take up 52.3%, and the 
frequency is 3.21E-02, the highest of all kinds of passenger ships; the incidents of 
yachts take up 13.8%, the incidents of tourist ships take up 32.3%. Only one incident 
happened on cruise ship, so it is not reasonable to quantitatively analyze the risk 
assessment of cruise alone. 
 
Table 5 - The number of incidents and frequencies, ferry (2008 - 2012) 
 Number of incidents % Total Frequency 
Collision 25 73.5% 9.26E-02 
Contact 2 5.9% 7.41E-03 
Swell damage 1 2.9% 3.70E-03 
Grounding 1 2.9% 3.70E-03 
Machinery 
damage/Failure 
5 14.7% 1.85E-02 
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Total 34 100.0% 1.26E-01 
The number of ferry fleet from 2008 to 2012 is 270. 
 
Table 6 - The number of incidents and frequencies, yacht (2008 - 2012) 
 Number of incidents % Total Frequency 
Collision 7 77.8% 7.61E-02 
Contact 0 0.0% 0.00E+00 
Swell damage 0 0.0% 0.00E+00 
Grounding 1 11.1% 1.09E-02 
Machinery 
damage/Failure 
1 11.1% 1.09E-02 
Total 9 100.0% 9.78E-02 
The number of yacht fleet from 2008 to 2012 is 92. 
 
Table 7 - The number of incidents and frequencies, tourist ship (2008 - 2012) 
 Number of incidents % Total Frequency 
Collision 16 76.2% 9.04E-02 
Contact 1 4.8% 5.65E-03 
Swell damage 0 0.0% 0.00E+00 





Total 21 100.0% 1.19E-01 
The number of tourist ship fleet from 2008 to 2012 is 177. 
 
Table 8 - The number of incidents and frequencies, cruise (2008 - 2012) 
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 Number of incidents % Total Frequency 
Collision 1 100.0% 1.93E-03 
Contact 0 0.0% 0.00E+00 
Swell damage 0 0.0% 0.00E+00 





Total 1 100.0% 1.93E-03 
The number of cruise fleet from 2008 to 2012 is 519. 
 
Table 9 - The number of incidents and frequencies, total passenger ships (2008 - 
2012) 
 Number of incidents % Total Frequency 
Collision 49 75.4% 4.63E-02 
Contact 3 4.6% 2.84E-03 
Swell damage 1 1.5% 9.45E-04 





Total 65 100.0% 6.14E-02 
The number of total passenger ships from 2008 to 2012 is 1058. 
 
Table 10 - The number of incidents and frequencies, all kinds of passenger ships 
(2008-2012) 
 Number of incidents % Total Frequency 
Ferry 34 52.3% 3.21E-02 
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Yacht 9 13.8% 8.51E-03 
Tourist ship 21 32.3% 1.98E-02 
Cruise 1 1.5% 9.45E-04 
Total 65 100.0% 6.14E-02 
The number of total passenger ships from 2008 to 2012 is 1058. 
 
 
Figure 6 - The frequency of incidents, ferry fleet (2008-2012) 
 
 





Figure 8 - The frequency of incidents, tourist ship (2008-2012) 
 
 
Figure 9 - The frequency of incidents, cruise (2008-2012) 
 
 





Figure 11 - The frequency of incidents, all kinds of passenger ships (2008-2012) 
3.4 Summary 
From the 3.3 above (incident frequency analysis), it is obvious that the collision 
incident is the biggest hazard for passenger ships in Huangpu River. The frequencies 
of other four kinds of incidents are very low. The consequences of the other kinds of 
incidents, namely grounding, swell damage, contact and machine damage/failure, are 
very light, considering that the rescue ships can arrive in the accident waters quickly. 
Taking into account the small number of cruise incidents in Huangpu River, it is 
impossible to establish the risk model of cruise independently. The situations of 
yachts, tourist ships and ferries are the same. So the author will establish the risk 
model of total passenger ships respectively to analyze the potential risk of collision 
and individual risk level for four kinds of passenger ships. 
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Chapter 4 Hazard identification and results 
In 2012, Shanghai MSA conducted a research on the passenger ships safety 
assessment in Huangpu River of Shanghai. In the report of the research, it listed 44 
hazards which may occur in the passenger ships of shanghai through the methods of 
brain storm and expert judgement. The 44 hazards are shown as following. 
 
Human factor (6 hazards) 
The ship, equipment and machine (9 hazards) 
Quay factor (4 hazards) 
Navigation environment element (5 hazards) 
Cargo management (2 hazards) 
Passenger management (3 hazards) 
Company management element (5 hazards) 
Supervision of Shanghai MSA (10 hazards) 
Source: Shanghai MSA. (2012). Study on the hazard of passenger ships in Shanghai. Unpublished 
government’s report, Shanghai MSA, Shanghai, China. 
 
Based on subjective, qualitative analysis by the fuzzy theory, the report paper listed 
12 top-ranked hazards as shown in table 10. The assessment ranks of hazards include 
four levels excellent, good, medium and poor. In the research report, it listed the 
hazards whose assessment rank is no higher than medium as follows. 
 
Table 11 - The top-ranked hazards to passenger ships in Huangpu River 




The safety awareness of crew medium 
Physical signs of crew medium 
Capability and quality of crew medium 
Human factor 
Traffic surge medium 
The location and layout of the passenger 
terminal. 
poor 
The density of vessel. medium 






Bad channel condition medium 
Carrying the inflammable or explosive 
dangerous goods by passengers or ships. 
medium Ships and cargo 
element 
Old passenger ships medium 




element Safety management system is not established or 
needs to be improved in some passenger ship 
companies. 
medium 
Source:Shanghai MSA. (2012). Study on the hazard of passenger ships in Shanghai. Unpublished 






Chapter 5 Risk analysis 
5.1 Risk criteria 
Usually, there are individual risk criteria and social risk criteria for passenger ships to 
assess the risk or the potential risk of fatality per year, and the individual risk criteria 
usually include crew risk criteria and passenger risk criteria. This thesis will assess 
the risk of four kinds of passenger ships, as the social risk criteria will be different 
between the four kinds of passenger ships considering that the social desirability of 
each kind of passenger ships are different, so this thesis will be limited to the 
individual risk. The social risk will not be assessed in this thesis. 
 
“The individual risk consists of risk to life and health of individuals exposed to the 
hazards of a given activity” (SAFEDOR, 2007). In the report of SAFEDOR, the 
individual risk is the risk experienced by the passenger or crew in a certain period. 
SAFEDOR deliverable D4.5.2 proposed a individual risk criteria for ships, as shown 
in table 11, the boundary between acceptable and tolerable risk is 10-6 per year, the 
maximum tolerable risk for crew members is 10-3 per year, and the maximum 
tolerable risk for passengers is 10-4 per year. According to the individual risk criteria, 
we can get figure 6 as follows. 
 
Table 12 - Individual risk criteria 
Boundary between broadly acceptable and tolerable risk 10-6 per year 
Maximum tolerable risk for workers (e.g. crew members)  10-3 per year 
Maximum tolerable risk for public (e.g. passengers) 10-4 per year 




The individual risk criteria for crew and passengers are plotted in figure 12 to 
illustrate the As Low As Reasonably Practicable (ALARP), the boundary of 
intolerable and the boundary of negligible. 
 
 
Figure 12 - Individual risk criteria 
Source: SAFEDOR. (2007). Risk Evaluation Criteria. D.4.5.2 
5.2 Methodology of event tree analysis 
5.2.1 Introduction  
Event tree analysis originates from decision tree analysis (DTA), it is a kind of 
hazard identification method. Event tree analysis deduces the consequences from the 
initial event according to the development of event by the time sequence. The event 
tree can qualitatively analyze the dynamic changing process of the whole event, and 
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can quantitatively compute the probability of each stage, and finally get the accident 
probability of various states in the process of event development. 
5.2.2 Quantitative analysis of event tree 
The quantitative analysis of event tree is based on the probability of each event to 
calculate the probability of accident in various processes, compare the size of the 
value of the probability of various kinds of accidents. “Multiplying the likelihood of 
the accident by the probabilities of failure or success in each path gives the 
likelihood of each consequence” (IMO, 2007). Generally, when the statistics 
independent between each events, the quantitative analysis is straightforward. When 
the events are not independent, such as the common cause of failure, the quantitative 
analysis becomes very complex. 
5.2.3 The calculation method of probability 
The probability of each path event is equal to the product of the probabilities of all 
events from initial to the incident happened. The accident probability is equal to the 
sum of the probability of each path event. 
5.3 Risk model 
In this chapter, the risk model will be established based on the collision cases and 
expert judgement. Considering that the frequencies of other kinds of incidents are 
very low (the contact, swell damage, grounding and machinery damage/failure are 
2.84E-03, 9.45E-04, 2.84E-03 and 8.51E-03 respectively), the percentages of the 
incidents are very small, and the consequences of contact, swell damage, grounding 
and machinery damage/failure not serious, these incidents are not analyzed in this 
chapter. At the same time, there is only one cruise incident, so it is impossible to 
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establish the risk model for cruise. The number of yacht and tourist ship incidents 
does not satisfy the requirement of sample number. So, all incidents will be analyzed 
in collision event tree of all passenger ships. 
 
The collision event tree in this section has referred to the related collision model in 
FSA - RoPax ships (IMO, 2008b) and FSA - Cruise ships (IMO, 2008a), and 
considered the special environment of Huangpu River and the hazards in chapter 4. 
5.4 Collision event tree of all passenger ships 
Input frequency for a passenger ship collision is 1.26E-01, which is calculated in 
chapter 3 of this thesis. The collision event tree has been developed in figure 13 
Level 1 
The collision incidents in this level have been divided into two categories, one is the 
minor damage which does not cause fatality, large damage or the level of the 
accident is smaller than the minor accident; the other one is the collision. The 
collision incidents of all passenger ships between 2008 and 2012 include 52 minor 
damage incidents (78%), and 13 other collision (22%). Considering that it is 
impossible for the minor damage to cause fatality, the next level will discuss the 
collision. These percentages are used to be the probabilities of respective branch 
incidents. 
Level 2 
The collision scenarios include collision underway and collision at berth. The 
consequences and probabilities of the two kinds of collisions are different. So the 
author has divided the collision event tree into collision underway and collision at 
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berth. According to the data of collision incidents, the number of collision underway 
incidents is 5 (45%), and the collision at berth is 6 (55%). These percentages are used 
to be the probabilities of respective branch incidents. 
Level 3 
The collision underway incidents differ between the passenger ship strikes or it is 
truck, and these probabilities are assumed to be 50% and 50%. These probabilities 
refers to the illustration of the report of FSA RoPax ships submit by Denmark, which 
reflect a view that the probabilities of struck are equal to striking when the samples 
are large enough. 
 
The collision at berth incidents differ between whether there is somebody on board. 
When the ferries are operating on day, whether the ferry is at berth or underway, 
there are some passengers on board. According to the data of collision incidents, 33% 
happened with somebody on board, 67% with nobody on board. 
Level 4, 5 & 6 
In the collision underway scenarios, only 11 serious cases happened between 2008 
and 2012, including 5 happened underway, and 6 happened at berth. So, the number 
is too small to quantitively analyze the probabilities of all kinds of outcomes. In level 
4, 5 & 6, the author must use the mothed of expert judgement to get the probabilities 
of outcomes. 
 
Appendixes 5, 6 & 7 are three questionnaires about the probabilities of all kinds of 
outcomes of collision incidents in Huangpu River. The survey respondents are all 
from Shanghai MSA, and their work is related with the navigation of Huangpu River. 
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In the three questionnaires, the author sent out 42 questionnaires in total, and 
recovered 42. The final statistical results are shown in tables 12, 13 & 14. The final 
results are the average of all the answers of experts. 
 
Table 13 - The results of questionnaire about the probabilities of outcomes of 
collision incidents (the questionnaire 1). 
The incidents illustration The consequence illustration Probability 
(%) 
Impact only 95 
Flooding  4 
The passenger ship strikes other 
ship on voyage. 
Fire  1 
Impact only 70 
Flooding  24 
The passenger ship is struck by 
other ship on voyage. 
Fire  6 
Impact only 74 
Flooding  22 
The passenger ship (mainly ferry, 
and there were crew or passengers 
on board) is struck by other ship. Fire  4 
 
Table 14 - The results of questionnaires about the probabilities of outcomes of 
collision incidents, and flooding (the questionnaire 2). 
The incidents illustration The consequence illustration Probability 
(%) 
Remains afloat 96 The passenger ship strikes other 
ship on voyage, and floods. Sinking 4 
Remains afloat 74 The passenger ship is struck by 
other ship on voyage, and floods. Sinking 26 
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Remains afloat 83 The passenger ship (mainly ferry, 
and there were crew or passengers 




Table 15 - The results of questionnaire about the probabilities of outcomes of 
collision incidents(the questionnaire 3). 
The incidents illustration The consequence illustration Probability 
(%) 
Slow sinking 82 The passenger ship strikes other 
ship on voyage, floods and sinks. Rapid capsize 18 
Slow sinking 64 The passenger ship is struck by 
other ship on voyage, floods and 
sinks. 
Rapid capsize 36 
Slow sinking 86 The passenger ship (mainly ferry, 
and there were crew or passengers 
on board) is struck by other ship, 
floods, and sinks. 
Rapid capsize 14 
Non-fatal impact 100 The passenger ship strikes other 
ship on voyage, impacts only. Fatal impact 0 
Non-fatal impact 94 The passenger ship is struck by 
other ship on voyage, impacts 
only. 
Fatal impact 6 
Non-fatal impact 96 The passenger ship (mainly ferry, 
and there were crew or passengers 
on board) is struck by the other 
Fatal impact 4 
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ship, impacts only. 
Minor damage 79 The passenger ship strikes other 
ship on voyage, and catches on 
fires. 
Major damage 21 
Minor damage 79 The passenger ship is struck by 
other ship on voyage, and catches 
on fires. 
Major damage 21 
Minor damage 82 The passenger ship (mainly ferry, 
and there were crew or passengers 
on board) is struck by the other 
ship, and catches on fires. 
Major damage 18 
 
As for the questionnaires about the death tolls in collision accidents in appendix 8, 
most respondents believe that even passengers fall into water, the rescue boats or the 
passing by ships will arrive at the accident waters to save the passengers, considering 
that the Huangpu River is an important traffic channel, and the density of vessels is 






Figure 13 - Collision event tree 
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5.5 Risk calculations 
5.5.1 The fatality rate 
The fatality rate of crew and passengers on board is calculated by questionnaires. The 
appendix 8 is the English version of the questionnaire about the fatality rate of crew 
and passengers. The questionnaire respondents are all from Shanghai MSA, and their 
work is mainly related with navigation of Huangpu River. This questionnaire was 
sent out 15 copies, and all of them were recovered, the results are calculated by 
averaging all the answers of experts. Table 15 is the final result of fatality rate of 
crew and passengers on board. 
 
Table 16 - The result of fatality rate of crew and passengers on board 
The outcome description The rate of 
fatality (%) 
The passenger ship strikes other ship on voyage, impacts only, 
fatal impact. 
2 
The passenger ship strikes other ship on voyage, floods and 
remains afloat. 
5 
The passenger ship strikes other ship on voyage, floods and 
slowly sinks. 
7 
The passenger ship strikes other ship on voyage, floods and rapid 
capsizes. 
21 
The passenger ship strikes other ship on voyage, fires, major 
damage. 
10 
The passenger ship is struck by other ship on voyage, impacted 




The passenger ship is struck by other ship on voyage, floods and 
remains afloat. 
5 
The passenger ship is struck by other ship on voyage, floods and 
slow sinks. 
7 
The passenger ship is struck by other ship on voyage, floods and 
rapid capsizes. 
21 
The passenger ship is struck by other ship on voyage, fires, 
major damage. 
10 
The passenger ship (mainly ferry, and there were crew or 
passengers on board) is struck by the other ship, impact only, 
fatal impact. 
1 
The passenger ship (mainly ferry, and there were crew or 
passengers on board) is struck by the other ship, floods and 
remains afloat. 
3 
The passenger ship (mainly ferry, and there were crew or 
passengers on board) is struck by the other ship, floods and slow 
sinks. 
5 
The passenger ship (mainly ferry, and there were crew or 
passengers on board) is struck by the other ship, floods and rapid 
capsizes. 
10 
The passenger ship (mainly ferry, and there were crew or 





5.5.2 The crew and passenger volume on board 
5.5.2.1 The passenger volume on board 
The passenger volume (per voyage) of cruise has been calculated in 2.5.4, the 
average passenger volume is 1276. In this section the author will calculate the crew 
and passenger volume of other three kinds of passenger ships. Table 16 has shown 
the passenger volume of three kinds of passenger ships in 2012. 
 
Table 17 - The passenger volume in 2012 
 Ferry Yacht Tourist ship 
Total voyages in 
2012 276654 1347 22260 
Total passenger 
volume in 2012 25809201 13194 3206912 
Average passenger 
volume 93 10 144 
Source: Dongjiadu MSA. (2013). The passenger volume of passenger ship in 2012. Unpublished 
document, Dongjiadu MSA, Shanghai, China. 
5.5.2.2 The crew volume on board 
The numbers of crew on ferry, tourist ship and yacht never changed and usually 
manned the crew according to the ship minimum manning certificate. The crew 
number of ferry in Huangpu River is 5 (Shanghai MSA, 2013). Although there is no 
requirement to the yacht on the minimum manning, usually the yacht will have 2 
crew members on board who are responsible for the navigation as the chief engineer 
and captain. So the crew number of yachts in Huangpu River is 2. From appendix 4 - 
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The list of tourist ships in Huangpu River, the average crew number of tourist ships 
is 11. 
 
The crew number of cruise ships will change with the volume of cruise ships. In this 
thesis, the author will calculate the risk based on a cruise ship that is assumed to 
represent an average cruise ship in Huangpu River. Table 17 has shown the reference 
ship parameters. The parameters come from the cruise ship COSTA CLASSICA. 
 
Table 18 - The reference ship parameters 
Ship parameters Value 
Size  52926 GRT 
Speed  20 
Passengers  1680 
Crew  590 




Source: Shanghai MSA (2013). The Shipping business management system. Unpublished document, 
Shanghai MSA, Shanghai, China. 
 
The reasons why the author chooses the above cruise ship as the reference ship are as 
follows: 
1. The average length of cruise ships that arrived at Shanghai port is 207 meters, the 
average rated number of passengers is 1535, and the average draft is 7.1 meters. All 
these parameters are similar to those of the cruise ship in table 17. 
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2. In October 2010, the cruise ship COSTA CLASSICA collided with another ship in 
Yangtze river, shanghai. 
 
Table 18 has shown the total number of crew and passengers according to the 
statistics above. 
 
Table 19 - The total number of crew and passenger 
Item Ferry  Yacht  Tourist ship Cruise ship 
Crew  5 2 11 590 
Passenger  93 10 144 1680 
Crew + passenger 98 12 155 2270 
5.5.3 Risk calculations 
According to the assumption of average fatality rates for the different branch 
collision which is shown in table 15, the total number of crew and passengers which 
is shown in table 18, and the percentages of collision incidents of different kinds of 
passenger ships which are shown in table 19, the risk calculations can be carried out 
in table 20, 21, 22 & 23. 
 
Table 20 - The percentages of collision for different kinds of passenger ships. 
 Ferry  Yacht  Tourist ship Cruise ship Total  
Collision 
incidents 
25 7 16 1 49 
Percentages 51.02% 14.29% 32.65% 2.04% 100.00% 
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Table 21 - Risk calculations for collision outcomes of ferries 











risk (per year) 
Fatalities (per 
collision) 
PLL (per ship 
year) 
C3 2.62E-04 51.02% 1.34E-04 2 2.67E-06 2.0  5.24E-06 
C4 1.11E-03 51.02% 5.66E-04 5 2.83E-05 4.9  1.39E-04 
C5 2.49E-04 51.02% 1.27E-04 7 8.89E-06 6.9  6.10E-05 
C6 1.40E-04 51.02% 7.14E-05 21 1.50E-05 20.6  3.09E-04 
C8 7.86E-05 51.02% 4.01E-05 10 4.01E-06 9.8  3.93E-05 
C10 0.00E+00 51.02% 0.00E+00 2 0.00E+00 2.0  0.00E+00 
C11 2.40E-04 51.02% 1.22E-04 5 6.12E-06 4.9  3.00E-05 
C12 8.18E-06 51.02% 4.17E-06 7 2.92E-07 6.9  2.00E-06 
C13 1.80E-06 51.02% 9.18E-07 21 1.93E-07 20.6  3.97E-06 
C15 1.31E-05 51.02% 6.68E-06 10 6.68E-07 9.8  6.55E-06 
C17 1.49E-04 51.02% 7.60E-05 1 7.60E-07 1.0  7.45E-07 
C18 9.19E-04 51.02% 4.69E-04 3 1.41E-05 2.9  4.14E-05 
C19 1.62E-04 51.02% 8.27E-05 5 4.13E-06 4.9  2.02E-05 
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C20 2.63E-05 51.02% 1.34E-05 10 1.34E-06 9.8  1.31E-05 
C22 3.62E-05 51.02% 1.85E-05 9 1.66E-06 8.8  1.47E-05 
Total   1.73E-03  8.81E-05  6.86E-04 
 
Table 22 - Risk calculations for collision outcomes of yachts 











risk (per year) 
Fatalities (per 
collision) 
PLL (per ship 
year) 
C3 2.62E-04 14.29% 3.74E-05 2 7.49E-07 0.2  1.80E-07 
C4 1.11E-03 14.29% 1.59E-04 5 7.93E-06 0.6  4.76E-06 
C5 2.49E-04 14.29% 3.56E-05 7 2.49E-06 0.8  2.09E-06 
C6 1.40E-04 14.29% 2.00E-05 21 4.20E-06 2.5  1.06E-05 
C8 7.86E-05 14.29% 1.12E-05 10 1.12E-06 1.2  1.35E-06 
C10 0.00E+00 14.29% 0.00E+00 2 0.00E+00 0.2  0.00E+00 
C11 2.40E-04 14.29% 3.43E-05 5 1.71E-06 0.6  1.03E-06 
C12 8.18E-06 14.29% 1.17E-06 7 8.18E-08 0.8  6.87E-08 
C13 1.80E-06 14.29% 2.57E-07 21 5.40E-08 2.5  1.36E-07 
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C15 1.31E-05 14.29% 1.87E-06 10 1.87E-07 1.2  2.25E-07 
C17 1.49E-04 14.29% 2.13E-05 1 2.13E-07 0.1  2.56E-08 
C18 9.19E-04 14.29% 1.31E-04 3 3.94E-06 0.4  1.42E-06 
C19 1.62E-04 14.29% 2.31E-05 5 1.16E-06 0.6  6.94E-07 
C20 2.63E-05 14.29% 3.76E-06 10 3.76E-07 1.2  4.51E-07 
C22 3.62E-05 14.29% 5.17E-06 9 4.66E-07 1.1  5.03E-07 
Total   4.85E-04  2.47E-05  2.35E-05 
 
Table 23 - Risk calculations for collision outcomes of tourist ships 












risk (per year) 
Fatalities (per 
collision) 
PLL (per ship 
year) 
C3 2.62E-04 32.65% 8.55E-05 2 1.71E-06 3.1  5.30E-06 
C4 1.11E-03 32.65% 3.62E-04 5 1.81E-05 7.8  1.40E-04 
C5 2.49E-04 32.65% 8.13E-05 7 5.69E-06 10.9  6.17E-05 
C6 1.40E-04 32.65% 4.57E-05 21 9.60E-06 32.6  3.12E-04 
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C8 7.86E-05 32.65% 2.57E-05 10 2.57E-06 15.5  3.98E-05 
C10 0.00E+00 32.65% 0.00E+00 2 0.00E+00 3.1  0.00E+00 
C11 2.40E-04 32.65% 7.84E-05 5 3.92E-06 7.8  3.04E-05 
C12 8.18E-06 32.65% 2.67E-06 7 1.87E-07 10.9  2.03E-06 
C13 1.80E-06 32.65% 5.88E-07 21 1.23E-07 32.6  4.02E-06 
C15 1.31E-05 32.65% 4.28E-06 10 4.28E-07 15.5  6.63E-06 
C17 1.49E-04 32.65% 4.86E-05 1 4.86E-07 1.6  7.54E-07 
C18 9.19E-04 32.65% 3.00E-04 3 9.00E-06 4.7  4.19E-05 
C19 1.62E-04 32.65% 5.29E-05 5 2.64E-06 7.8  2.05E-05 
C20 2.63E-05 32.65% 8.59E-06 10 8.59E-07 15.5  1.33E-05 
C22 3.62E-05 32.65% 1.18E-05 9 1.06E-06 14.0  1.48E-05 
Total   1.11E-03  5.64E-05  6.94E-04 
 
Table 24 - Risk calculations for collision outcomes of cruise ships 











risk (per year) 
Fatalities (per 
collision) 




C3 2.62E-04 2.04% 5.34E-06 2 1.07E-07 45.4  4.85E-06 
C4 1.11E-03 2.04% 2.26E-05 5 1.13E-06 113.5  1.29E-04 
C5 2.49E-04 2.04% 5.08E-06 7 3.56E-07 158.9  5.65E-05 
C6 1.40E-04 2.04% 2.86E-06 21 6.00E-07 476.7  2.86E-04 
C8 7.86E-05 2.04% 1.60E-06 10 1.60E-07 227.0  3.64E-05 
C10 0.00E+00 2.04% 0.00E+00 2 0.00E+00 45.4  0.00E+00 
C11 2.40E-04 2.04% 4.90E-06 5 2.45E-07 113.5  2.78E-05 
C12 8.18E-06 2.04% 1.67E-07 7 1.17E-08 158.9  1.86E-06 
C13 1.80E-06 2.04% 3.67E-08 21 7.71E-09 476.7  3.68E-06 
C15 1.31E-05 2.04% 2.67E-07 10 2.67E-08 227.0  6.07E-06 
C17 1.49E-04 2.04% 3.04E-06 1 3.04E-08 22.7  6.90E-07 
C18 9.19E-04 2.04% 1.87E-05 3 5.62E-07 68.1  3.83E-05 
C19 1.62E-04 2.04% 3.30E-06 5 1.65E-07 113.5  1.88E-05 
C20 2.63E-05 2.04% 5.37E-07 10 5.37E-08 227.0  1.22E-05 
C22 3.62E-05 2.04% 7.38E-07 9 6.65E-08 204.3  1.36E-05 
Total   6.93E-05  3.52E-06  6.35E-04 
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5.6 Summary of risk model calculations 
The event tree (figure 13) and the risk calculation (table 20, table 21, table 22 & table 
23) can be summarized in the following table 24. 
 























Ferry  9.26E-02 35.47% 8.81E-05 6.86E-04 33.65% 0.0370  27  
Yacht  7.61E-02 29.15% 2.47E-05 2.35E-05 1.15% 0.0004  2313  
Tourist 
ship 
9.04E-02 34.63% 5.64E-05 6.94E-04 34.04% 0.0246  41 













The individual risk of all passenger ships calculated by the risk model is 1.73E-04 
per year, which adds together the individual risk of four kinds of passenger ships. 
The fatality of total passenger ships per year is 0.128, which means that about one 




It should be noted that no passenger died in Huangpu River from 2008 to 2012. The 
fatality figures are calculated according to the historical incident data and the danger 
degree of incidents by questionnaire.  
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Chapter 6 Individual risk level 
In chapter 5, the individual risks of all kinds of passenger ships are calculated by the 
risk model. The results assume that the passenger ship is at sea and a person is 
onboard for the total year. In this chapter, the author will analyze the other elements 
which influence the individual risk, such as changing shifts and the actual time 
onboard for a passenger. The individual risk level includes crew individual risk level 
and passenger individual risk level. The individual risk level relate to the number of 
crew and passengers, 
6.1 Individual risk level of ferry 
6.1.1 Individual risk level for crew members 
For crew members, according to the ferry voyage time table of Shanghai municipal 
ferry service co., Ltd (2012), the work schedule is working every other day, and there 
are 2 crews rotating on a ferry. The overall individual risk for ferry crew members is 
4.41E-05 per year. 
6.1.2 Individual risk level for passengers 
Assuming that a passenger take the ferry twice as his or her traffic tool in one day, 
according to the ferry voyage time table of Shanghai municipal ferry service co., Ltd 
(2012), there are 25 voyages per day (not every ferry line has 25 voyages per day, but 
most of them do). So the overall individual risk for passengers is 7.05E-06 per year. 
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6.2 Individual risk level of yachts 
6.2.1 Individual risk level of yacht for crew members 
In Huangpu River, most of yachts have one full-time captain and a sailor; a small 
number of yachts don’t, which is not discussed in this section. For the crew of yacht, 
they are usually the registered crew of yacht club. On average, one crew (a captain 
and a sailor) is responsible for two yachts to earn higher salary. So the individual risk 
for yacht crew members becomes 4.94E-05. 
6.2.2 Individual risk level of yacht for passengers 
In Huangpu River, the private yachts account for large percentages, the other yachts 
are usually used for receiving guests of company or leasing out. According to section 
5.5.2.1, the number of yacht voyage was 1347 in 2012 (table 16), and according to 
section 2.5.2, the yacht fleet was 33 in 2012 (table 2), so the average voyage per 
yacht is 41. Assuming that a passenger takes half of total voyages, namely 20.5 
journeys a year, the individual risk of passengers is 1.24E-05 (this estimation may be 
appropriate for the private yacht owners). Assuming that a passenger takes 2 journeys 
by yacht a year, the individual risk of passengers is 1.20E-06 (this estimation may be 
appropriate for the common tourist by yacht). 
6.3 Individual risk level of tourist ships 
6.3.1 Individual risk level of tourist ships for crew members 




6.3.2 Individual risk level of tourist ships for passengers 
According to 2.5.3, the tourist fleet in 2012 is 33 (table 3), and according to 5.5.2.1, 
the total voyages in 2012 is 22260, so the average voyages per ship year is 675. 
Assuming that a common tourist takes 2 journeys one year, then the individual risk 
of tourist passengers is 1.67E-07. 
6.4 Individual risk level of cruise ships 
6.4.1 Individual risk level of cruise ships for crew members 
For crew members, assuming that on average most of the crew members on cruise 
ships work six months per year, the individual risk for crew members is 1.76E-06. 
6.4.2 Individual risk level of cruise ships for passengers 
For passengers, according to section 2.5.4 in chapter 2, the average voyages per year 
of cruise in Huangpu River from 2008 to 2012 are 104 per year. Assuming that a 
passenger takes cruise ship twice per year, then the individual risk for passengers is 
6.78E-08. 
6.5 Summary 
According to the individual risk calculation in this chapter, the individual risk levels 
can be summarized as follows in table 25 and figure 14. 
 
Table 26 - The individual risk level of all kinds of passenger ships 






Ferry  8.81E-05 4.41E-05 7.05E-06  
Yacht  2.47E-05 4.94E-05 1.24E-05 
Tourist ships 5.64E-05 4.03E-05 1.67E-07 











Figure 14 - The individual risk level of all kinds of passenger ships 
 
From table 25 and figure 14, it is obvious that the crew’s individual risk levels of 
four kinds of passenger ships are all within the ALARP region, the crew’s individual 
risk level of cruise ships is the lowest, 1.76E-06; the crew’s individual risk levels of 
the other three passenger ships are almost the same. The passengers’ individual risk 
levels of the tourist ship and cruise ship are very low, within the negligible region. 






Chapter 7 Conclusions 
Based on the theory of FSA, in this thesis, the author has done the risk analysis on 
the passenger ships in Huangpu River, Shanghai port. Form the analysis of the six 
chapters, the following conclusions can be summarized. 
 
1. Overall, the passenger ships are operated in good condition. The total individual 
risk of all passenger ships is 1.73E-04 (table 24 in chapter 5). The fatalities per year 
of all passenger ships in Huangpu River are 0.1280 (table 24 in chapter 5), return 
period per fatality is nearly 8 years, which means that on average one passenger dies 
due to the passenger ship incident every 8 years. Actually, no passenger died in 
waterway incidents from 2008 to 2012. The return period per fatality has given a 
reference to estimate the safety level of passenger ships in Huangpu River. 
 
2. Of all four kinds of passenger ships (yachts, ferries, tourist ships and cruise ships), 
the individual risk (per year) of cruise ships is the lowest, 3.52E-06 (table 24 in 
chapter 5), compared to ferry 8.81E-05, yacht 2.47E-05 and tourist ship 5.64E-05. 
 
3. For crew’s individual risk levels, the four passenger ships are within the ALARP 
region. Of the four kinds of passenger ships the individual risk level of cruise ships 
for crew members is the lowest 1.76E-06. So some risk control options shall be made 
to control the risk for crew members who work on passenger ships in Huangpu River. 
 
4. For passengers’ individual risk levels, the risk levels of tourist ships and cruise 
ships are very low, 1.67E-07 and 6.78E-08 respectively, within the negligible region. 
So the risk for passengers on tourist ships and cruise ships can be neglected. The risk 
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levels of yachts and ferries are within ALARP region, so some risk control options 
shall be made to control the risk of passengers on yachts and ferries. 
 
It is a pity that the author has never done the risk control options and cost benefit 
assessment, but the results of the risk analysis can be used as reference for 
government or relative departments to propose recommendations on the safety of 
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Appendix 1 - The map of Huangpu River 
 





Figure 2 – The map of Dong Jiadu MSA waters in Huangpu River 
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Appendix 2 - The list of ferries in Huangpu River 





Hu Hang Ke 2 ferry 19891201 403 1400 
Hu Hang Ke 3 ferry 19891201 403 1400 
Hu Hang Ke 6 ferry 19911006 403 1400 
Hu Hang Ke 43 ferry 19970929 314 400 
Hu Hang Ke 44 ferry 19971127 314 400 
Hu Hang Ke 45 ferry 19980928 314 400 
Hu Hang Ke 46 ferry 19980928 314 400 
Hu Hang Ke 70 ferry 19840901 283.05 1000 
Hu Hang Ke 71 ferry 19841201 283.05 1000 
Hu Hang Ke 72 ferry 19851001 399.32 1000 
Hu Hang Ke 73 ferry 19851201 399.32 1000 
Hu Hang Ke 74 ferry 19851201 351.14 1000 
Hu Hang Ke 75 ferry 19851201 351.14 1000 
Hu Hang Ke 76 ferry 19860901 399.32 1000 
Hu Hang Ke 77 ferry 19860901 399.32 1000 
Hu Hang Ke 78 ferry 19861201 351.14 1000 
Hu Hang Ke 79 ferry 19861101 351.14 1000 
Hu Hang Ke 80 ferry 19870501 357.2 1000 
Hu Hang Ke 81 ferry 19870501 357.2 1000 
Hu Hang Ke 82 ferry 19870701 351.14 1000 
Hu Hang Ke 83 ferry 19871101 357.2 1000 
Hu Hang Ke 84 ferry 19871101 357.2 1000 
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Hu Hang Ke 85 ferry 19871201 361 1000 
Hu Hang Ke 86 ferry 19871201 361 1000 
Hu Hang Ke 87 ferry 19890101 314 1000 
Hu Hang Ke 88 ferry 19890101 314 1000 
Hu Hang Ke 89 ferry 19890501 314 1000 
Hu Hang Ke 90 ferry 19920616 314 1000 
Hu Hang Ke 92 ferry 19930528 314 1000 
Hu Hang Ke 93 ferry 19930430 314 1000 
Hu Hang Ke 94 ferry 19950114 314 1000 
Hu Hang Ke 95 ferry 19961022 314 1000 
Shi Bo Ke Du 1 ferry 20090430 372 500 
Shi Bo Ke Du 2 ferry 20090430 372 500 
Shi Bo Ke Du 3 ferry 20090430 372 500 
Shi Bo Ke Du 4 ferry 20090430 372 500 
Shi Bo Ke Du 5 ferry 20090831 372 500 
Shi Bo Ke Du 6 ferry 20090831 372 500 
Shi Bo Ke Du 7 ferry 20090831 372 500 
Shi Bo Ke Du 8 ferry 20090831 372 500 
Shi Bo Ke Du 9 ferry 20091210 372 500 
Shi Bo Ke Du 10 ferry 20091210 372 500 
Shi Bo Ke Du 11 ferry 20091210 372 500 
Shi Bo Ke Du 12 ferry 20091210 372 500 
Shi Bo Ke Du 13 ferry 20091231 372 500 
Shi Bo Zhi Yuan Zhe ferry 20091231 372 500 
Shi Bo Ke Du 15 ferry 20091231 372 500 
Shi Bo Ke Du 16 ferry 20091231 372 500 
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Shi Bo Ke Du 17 ferry 20100301 372 500 
Shi Bo Ke Du 18 ferry 20100301 372 500 
Shi Bo Ke Du 19 ferry 20100301 372 500 
Shi Bo Ke Du 20 ferry 20100301 372 500 
Shi Bo Ke Du 21 ferry 20100301 372 500 
Shi Bo Ke Du 22 ferry 20100301 372 500 
 
Appendix 3 - The list of yachts in Huangpu River 




Hong Xing Mei Kai Long 
1 
12 
2 Jing Yue Yu Hao 12 
3 Yang Fan Shan Tou 12 
4 Long De Feng 12 
5 Tai Hu San Shan Dao 1 12 
6 Hui Sheng 12 
7 Yang Fan 30 12 
8 Chang Kui 12 
9 Jun Di 3 12 
10 E Er Duo Si 12 
11 Ai Lun 2 Hao 12 
12 Zhong Tian 10 
13 Ai Lun 1 Hao 12 
14 
Ya Ting yach club 
Tong Xiang 12 
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15 Yu Pei 12 
16 Yu Tong 12 
17 Yang Fan 10 
18 
Shanghai feng cai shipping 
tourism co., LTD 
Shang hai feng cai 11 
19 Da xi nan 11 
20 Bai jin wan 1 hao 11 
21 Zhong ying 1 hao 11 
22 
Da du hui club 
Kai kai 11 
23 Jin mao jun yue 11 
24 
The bund club 
Jin mao hai yue 20 
25 Shen wu fei yang 12 
26 Xi shi de lai5303 12 
27 
Yi Hong club 
Gao ze 12 
28 Lai yue 2 12 
29 Lai yue 3 12 
30 Lai yue 8 12 
31 
Shanghai Lai Yue club 
Lai yue 9 12 
32 Shanghai Chang Feng club Shang hai tian hong 12 
33 Yuan Hong Club Yu shan hu hao 10 
34 
Beijing wan da yacht 
management company 
Wan da 2 hao 12 
35 
Shanghai hu shang investment 
co., LTD 
Hu shang hao 12 
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250 12 772 40 2 480 
Chuan zhang 
3 
2008/1/30 618 21 1262 47.4 2 678 
Chuan zhang 
5 
2010/4/12 618 20 1277 47.4 2 746 
Chuan zhang 
8 
2010/7/21 300 15 1627 59.2 2 746 
Huang pu 2009/5/28 450 10 1584 56.4 2 760 
Shanghai 
shuang yong 
1998/3/3 200 10 486 45.2 2 220.6 















ming zhu 2 
2011 
200 







2001/8/31 250 12 844 36.25 2 642 
Shang de 
guo sheng  
2010/5/18 134 7 278 32.6 2 234 
Wu liang ye 2007/7/22 298 8 260 36 2 410 
Ming xin 2008/7/25 300 12 406 36 2 474 
Ming xin 1 2009/2/16 300 8 415 36 2 474 
Ming xin 3 2009/6/24 300 9 408 36 2 474 












11 1116 41 
2 406 
Jin can can 2009/9/8 350 8 1117 45 2 406 























11 1144 49.3 
2 
474 
Pu jiang you 
lan 5 
2010/2/25 300 8 512 40.5 2 406 
Pu jiang you 
lan 6 
2010/2/25 300 8 512 40.5 2 406 
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Pu jiang you 
lan 12 





150 6 189 31.5 2 326 












10 940 40.6 
2 
411.6 




10 1163 49.8 
2 
542 








Appendix 5 - The questionnaire about the consequences of collision incide
nts in Huangpu River (1) 
In the following incidents of the passenger ships (include ferry, yacht, tourist ship 
and cruise ship) in Huangpu River, how much the probability do you think the 
consequences as following will be happened. 
Table 1 - The questionnaire about the consequences of collision incidents of 
passenger ships in Huangpu River 
The incidents illustration The consequence illustration Probability 
(%) 
Impact only  The passenger ship strikes other 
ship on voyage. Flooding   
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Fire   
Impact only  
Flooding   
The passenger ship is struck by 
other ship on voyage. 
Fire   
Impact only  
Flooding   
The passenger ship (mainly ferry, 
and there were crew or passengers 
on board) is struck by other ship. Fire   
Note： 
1. The probability range is from 0 to 100. 0 means impossible, 100 means that this 
consequence must be happened. 
2. The incidents rank is equal or above the minor incident. One of the collision ships 
is the passenger ship in Huangpu River. 
3. Adding together the three probabilities of consequences (impact only, flooding, 
fire) is equal to 100. 
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Appendix 6 - The questionnaire about the consequences of collision incide
nts in Huangpu River (2) 
In the following incidents of the passenger ships (include ferry, yacht, tourist ship 
and cruise ship) in Huangpu River, how much the probability do you think the 
consequences as following will be happened. 
Table 1 - The questionnaire about the consequences of collision incidents of 
passenger ships in Huangpu River 
The incidents illustration The consequence illustration Probability 
(%) 
Remains afloat  The passenger ship strikes other 
ship on voyage, and floods. Sinking  
Remains afloat  The passenger ship is struck by 
other ship on voyage, and floods. Sinking  
Remains afloat  The passenger ship (mainly ferry, 
and there were crew or passengers 
on board) is struck by the other 
ship, and floods. 
Sinking  
Note： 
1. The probability range is from 0 to 100. 0 means impossible, 100 means that this 
consequence must be happened. 
2. The incidents rank is equal or above the minor incident. One of the collision ships 
is the passenger ship in Huangpu River. 
3. Adding together the two probabilities of consequences (Remains afloat, sinking) is 
equal to 100. 
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Appendix 7 - The questionnaire about the consequences of collision incide
nts in Huangpu River (3) 
In the following incidents of the passenger ships (include ferry, yacht, tourist ship 
and cruise ship) in Huangpu River, how much the probability do you think the 
consequences as following will be happened. 
Table 1 - The questionnaire about the consequences of collision incidents of 
passenger ships in Huangpu River 
The incidents illustration The consequence illustration Probability 
(%) 
Slow sinking  The passenger ship strikes other 
ship on voyage, floods and sinks. Rapid capsize  
Slow sinking  The passenger ship is struck by 
other ship on voyage, floods and 
sinks. 
Rapid capsize  
Slow sinking  The passenger ship (mainly ferry, 
and there were crew or passengers 
on board) is struck by the other 
ship, floods, and sinks. 
Rapid capsize  
Non-fatal impact  The passenger ship strikes other 
ship on voyage, impacts only. Fatal impact  
Non-fatal impact  The passenger ship is struck by 
other ship on voyage, impacts 
only. 
Fatal impact  
Non-fatal impact  The passenger ship (mainly ferry, 
and there were crew or passengers 
on board) is struck by the other 
Fatal impact  
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ship, impacts only. 
Minor damage  The passenger ship strikes other 
ship on voyage, fires. Major damage  
Minor damage  The passenger ship is struck by 
other ship on voyage, fires. Major damage  
Minor damage  The passenger ship (mainly ferry, 
and there were crew or passengers 
on board) is struck by the other 
ship, fires. 
Major damage  
Note： 
1. The probability range is from 0 to 100. 0 means impossible, 100 means that this 
consequence must be happened. 
2. The incidents rank is equal or above the minor incident. One of the collision ships 
is the passenger ship in Huangpu River. 
3. Adding together the two probabilities of branch consequences is equal to 100. 
4. In Huangpu River, the slow sinking means that the passenger ship has sunk before 
the special rescue ship arrived. The time with which the special rescue ship arrive is 
about 20 minutes in Huangpu River. 
5. The minor damage after fire means that the fire has never caused fatality or large 








Appendix 8 - The questionnaire about the fatality of collision incidents in
 Huangpu River (4) 
In the following incidents of the passenger ships (include ferry, yacht, tourist ship 
and cruise ship) in Huangpu River, how money percentages of fatality (include crew 
and passengers) do you think will happen. 
 
Table 1 - The questionnaire about the fatality of collision incidents of passenger ships 
in Huangpu River 
The outcome description The rate of 
fatality (%) 
The passenger ship strikes other ship on voyage, impact only, 
fatal impact. 
 
The passenger ship strikes other ship on voyage, floods and 
remains afloat. 
 
The passenger ship strikes other ship on voyage, floods and slow 
sinks. 
 
The passenger ship strikes other ship on voyage, floods and rapid 
capsizes. 
 
The passenger ship strikes other ship on voyage, fires, major 
damage. 
 
The passenger ship is struck by other ship on voyage, impact 
only, fatal impact. 
 
The passenger ship is struck by other ship on voyage, floods and 
remains afloat. 
 





The passenger ship is struck by other ship on voyage, floods and 
rapid capsizes. 
 
The passenger ship is struck by other ship on voyage, fires, 
major damage. 
 
The passenger ship (mainly ferry, and there were crew or 
passengers on board) is struck by the other ship, impact only, 
fatal impact. 
 
The passenger ship (mainly ferry, and there were crew or 
passengers on board) is struck by the other ship, floods and 
remains afloat. 
 
The passenger ship (mainly ferry, and there were crew or 
passengers on board) is struck by the other ship, floods and slow 
sinks. 
 
The passenger ship (mainly ferry, and there were crew or 
passengers on board) is struck by the other ship, floods and rapid 
capsizes. 
 
The passenger ship (mainly ferry, and there were crew or 




1. The percentage range is from 0 to 100. 0 means nobody will dead, 100 means that 
all of the crew and passengers on board are dead. 
2. The incidents rank is equal or above the minor incident. One of the collision ships 
is the passenger ship in Huangpu River. 
 
